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1. INTRODUCTION 

In support of the Aguirre Offshore GasPort Project (Project), Tetra Tech conducted towed 
ichthyoplankton net sampling offshore of Boca del Infierno, near Guayama, and about 1 mile 
outside of the Jobos Bay National Estuarine Research Reserve (JBNERR) along the southern shore 
of the Commonwealth of Puerto Rico in Commonwealth waters. Jobos Bay and surrounding marine 
ecosystems contain a mosaic of habitats including coral reef, hardbottom, seagrass, and mangrove 
communities. Excelerate Energy is seeking authority to construct and operate the project via an 
Order Granting Authorization under Section 3 of the Natural Gas Act. The Federal Energy 
Regulatory Commission (FERC) is the lead agency in preparing an Environmental Impact Statement 
(EIS) in compliance with the Council on Environmental Quality (CEQ) regulations for 
implementing the National Environmental Policy Act (NEPA), and the FERC’s implementing 
regulations under Chapter I, Title 18, Code of Federal Regulations, Part 380. As the federal lead 
agency, the FERC must also comply with Section 7 of the Endangered Species Act of 1973, and 
with Section 106 of the National Historic Preservation Act. 

This study is aimed at producing the requisite preliminary data needed to calculate annual 
entrainment of organisms (i.e., finfish and shellfish) through the cooling water intakes of the vessels 
associated with the GasPort to satisfy 316(b) requirements of the pending National Pollutant 
Discharge Elimination System (NPDES) permit under the Clean Water Act (CWA). For purposes of 
this entrainment characterization, all fish and shellfish eggs and larvae were identified to the lowest 
practical taxonomic level (typically family), and the term “shellfish” refers to lobster, shrimp, crab, 

and mollusks. The data collected during this study will also support the essential fish habitat (EFH) 
assessment, as part of a separate submittal for this proposed facility.  

This report describes the preliminary results of a single ichthyoplankton sampling event and a single 
ichthyofauna observation event at the proposed floating storage and regasification unit (FSRU 
vessel) and liquefied natural gas carrier (LNGC vessel) invicinty of the  OffShore Gasport location. 
This sampling program has been initiated as a first step towards satisfying anticipated data 
requirements necessary to characterize the existing levels of entrainment in accordance with the 
316(b) regulations that will be enforced at this facility by the forthcoming National Pollutant 
Discharge Elimination System (NPDES) permit to be issued by the United States (U.S.) 
Environmental Protection Agency (EPA) Region 2. The purpose of this monitoring is to evaluate 
the occurrence and densities of species entrained in the cooling water intake of the FSRU and 
LNGC vessels. 
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2. COOLING WATER INTAKE SPECIFICATIONS 

The normal water use requirements of the  FSRU vessel is approximately 55.8 million gallons per 
day (MGD) of seawater intake, operated continuously and year-round, at a rate of approximately 
0.45 feet per second (fps) (Table 1). Of this volume, approximately 54 million gallons are used to 
support machinery cooling and the operation of the vessel’s safety water curtain after which it is 
discharged. The remaining 2 MGD are retained as ballast water and water to support crew needs 
(e.g., sanitary needs and potable water). The water use of the LNGC vessel is variable, depending on 
the actual vessel used for delivery (unknown at this time). However, the maximum intake volume for 
vessels of this class is 81.6 MGD during offloading operations that include 88 hrs of moorage at the 
berthing location. For the purposes of this study, the maximum intake volumes used to estimate 
entrainment for FSRU and LNGC vessels are 55.8 MGD and 81.6 MGD, respectively. 

Table 1: Summary of Standard FSRU Water Use Intakes and Discharges A B C DE F G G F H G I J K F L D G F M J N O P Q P R S K J T F U Q P VW J V J X O K Y Z P [ \ ] L ^ _ A B C D B F J ` J K F LR S K J T F Z M a b ^ c A B C D B F J ` J K F Lb O G X ] J L d FZ M a b ^ e
f g h i j k l m n o m p q m r q s n o o t l m u r v r w q x y z { | | { y } | { y } |~ � � l t l k s v r q k � k w q s n o o t l m ur v r w q x � � � � } | � } |g k � q w v � k w q s n � s w k l m � | | } � | } �� k t t k r w � k w q s � � � � } � � } � � �f s q r � � k w q s u q m q s k w o s { � | } � | } � y� � K J H � � � � � � � � �� � � � j k l m n o m p q m r q s n o o t l m u r v r w q x � k s l k � t q � p q � q m p l m u o m k n w � k t � q r r q t � r q p~ � � l t l k s v r q k � k w q s n o o t l m ur v r w q xg k � q w v � k w q s n � s w k l m� k t t k r w � k w q sf s q r � � k w q s u q m q s k w o s � � K J H � � � � P J N O P Q P ` ] O H F � F L K ] F �  � k r q p o m r w k m p k s p o � q s k w l o m o � k m ¡ � n q t q s k w q ¡ m q s u v f g h i ¢ ¡ m q s u v � s l p u q h q u k r l � l n k w l o m � q r r q t r £ }� � � k s l k � t q ¢ ¤ � } � £ p q � q m p l m u o m r � l � m q q p r z r q k n o m p l w l o m r k m p o � q s k w l o m¥ x ¦ § � s ¨ n � � l n x q w q s r � q s � o � s© j � ª ¨ x l t t l o m u k t t o m r � q s p k v ¢ o m q u k t t o m ¨ | } | | � y � � { � � � x ¦ £

 

Since water withdrawal rates will be < 0.5 fps, both the FSRU and LNGC vessels are expected to 
meet the 316(b) performance standards for impingement of larger juveniles and adults, therefore 
impingement will not be discussed further. Section 316(b) also requires the assessment of impacts 
from the entrainment of early life stages (eggs, larvae, juveniles) of fish and shellfish by the cooling 
water intake structure (CWIS) for the vessel. The FSRU vessel and LNGC vessel withdraw water 
from lower and higher sea chests located at 7 m and 11 m below the surface; therefore, potential 
entrainment impacts would be concentrated at those depths in the mid-water column. 
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3. METHODS 

This section describes the equipment and methods for implementation of the field activities in 
support of this entrainment characterization report. The survey methodology, as described fully in 
the Work Plan (Tetra Tech, 2012a), has been designed for accuracy, reproducibility, and for full 
capture of the representative fish and shellfish groups that may be susceptible to entrainment 
through the cooling water intake of the FSRU and supporting LNGCs.    

3.1 Survey Area 

The survey area includes the planned location of the offshore FSRU  berthing platform. The 
pipeline route extending from the Central Aguirre Power Plant through Jobos Bay and offshore to 
the Offshore Gasport was not included because potential entrainment impacts would only occur 
within the proposed mooring  area where the FSRU and LNGC vessels will be berthed. The 
ichthyoplankton survey was conducted using towed net transect methods. Figure 1 presents the 
offshore survey area and the proposed/actual survey transect lines. 

Four sampling transects were sampled during a single daytime event and a single nighttime event on 
23 May 2012. The sampling effort outlined in Table 2 was designed to capture the diel variation in 
ichthyoplankton abundance during typical conditions in the FSRU during May. Additional data 
would be needed to characterize the seasonal differences in entrainment densities/impact on an 
annual basis. If seasonal variation in ichthyoplankton densities are quantified, it may be possible to 
mitigate potential entrainment impacts, by accounting for that within the proposed liquefied natural 
gas (LNG) delivery schedule. When completed, the FSRU vessel would be in continuous operation 
(year-round) and LNGC vessel deliveries would occur at a frequency of during 50 discrete 
shiipments annually over durtions of 88-hr periods.  

Table 2: Timeframe and Number of Events and Number of Samples Proposed R X ] K ] Y � V H J S T K � S B J P V H O S d� O P F ¬ L J P F � � j k v � | � � ¢ p k v k m p m l u � w r k x � t q r £ ¬ ¬ G ] � L F K F L P O S J H H � X J K O � S ® s o � o r q p � q s w � l m u k s q k r¯ Q P � F L � ¬ F ° F S K G � ¢ r � s l m u £¯ Q P � F L � ¬ G J P V H F G � � w o w k t r k x � t q r � q s q � q m w
· ± ² ³ ´ µ ² ¶ · ¸ µ ´ ¹ º » · ¼ µ » ½ ¼ ² ¾ · ´ ¿ º À Á · ´ µ Â ¿ º À ¹ ´ · ¹ Ã Ä µ ² ¶ » Å · ´ µ ´ ¹ º » · ¼ µ Æ¸ ¹ Ç ¹ º ¸ º ¿ À Â µ » ¹ È Å É · » ÊË Ì Ì Í Î Í Ï Ð Ñ Ò Ó Ô Ñ Ò Í Î Ñ Î Í Õ Ö × Ñ Ø Ù Ò Ö × Ú » ¿ º À É · Û Ü È ¿ º ³ µ · » ³ ´ Ý ¹ ¼ · µ ² ¶ ¶ ¹ » ¹ É » ² ¼ ² º ¸ ³ ¼ µ · ¸ ³ » ¿ º À ¹ Þ ß Ü È ¿ ¼ ´ ² º È · » Âà Ï Ò Ò Ö á Î Í Ï Ð Ø Ö Î â Ï Ì ã Á É ¿ ä ³ · µ ² ¶ · ¸ » ¹ È Å É · »
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Figure 1: Offshore Ichthyoplankton Sampling Transects within the FSRU Project Area. 
Habitat and Substrate Types are Fully Described in Tetra Tech (2012b). 
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3.2 Baseline Information Needs and Data Gap Analysis 

Tetra Tech conducted preliminary background research to obtain existing information about the 
project area and associated fish populations needed to develop this characterization. Fish data does 
exist for Jobos Bay including the sampling data and 316(b) demonstration for the Aguirre Power 
Plant complex and routine monitoring within the NERR. However, data for the waters immediately 
offshore from the bay remain limited. Several fish and shellfish groups have EFH within the project 
area, as designated by the Caribbean Fishery Management Council (CFMC). Several species are also 
considered “species of concern” by NMFS, or protected under the ESA.  Results of the review are 
summarized in Appendix I of this report.   

These information sources were used to develop a preliminary list of representative species for the 
entrainment characterization for the FSRU vessel and LNGC vessel. Fish species occurrences, 
spawning season, location in the water column, egg size, fecundity, and other reproductive factors 
were evaluated to identify a species’ potential for entrainment within the project area. These data will 
also support the EFH Assessment for this project (not included in this report).     

3.3 Ichthyofauna Observations  

Observational data of the fish species present in the survey area were collected by scientific divers 
experienced in fish identification during the benthic habitat dive survey (see Tetra Tech 2012b). 
Qualitative ichthyofauna data were collected using diver assisted non-point visual census method 
designed to contribute to a comprehensive species list for the project area. During the benthic 
surveys, scientific divers recorded all fish species observed within each benthic survey station and 
while swimming throughout the study area and pipeline route. Divers used a separate reef fish data 
sheet to record only presence data of species with no abundance estimates. Dive time, depth, 
temperature and other environmental information were also recorded on each data sheet. Divers 
retained the data sheet for all dives conducted within a specific habitat type. Data sheets from all 
divers within a given survey area were combined following field activities and processed as a single 
habitat only survey,  yielding the total number of fish species for each distinct habitat type (i.e., 
seagrass, mud, hard bottom, reef, etc.).  

3.4 Ichthyoplankton Sampling 

Tetra Tech teamed with the University of Puerto Rico (UPR) Mayaguez researcher Dr. Jorge Garcia 
to conduct the ichthyoplankton survey and laboratory identifications. Sampling was conducted 
aboard the 42 foot (ft.) R/V Sultana. Tetra Tech provided technical oversight and quality control 
during field sampling and subsequent laboratory analysis. For the purposes of this report, the term 
ichthyoplankton refers to both fish and shellfish planktonic lifestages. 

Ichthyoplankton was sampled from all depths across four transects using a 0.6 m-diameter bongo 
net with 300-micron mesh towed from the survey vessel. The bongo net consisted of dual 0.6 m 
diameter plankton nets.  A depresser weight was fixed to the bongo frame to add stability to the net 
at varying depths. Mechanical flowmeters (General Oceanics Model-2030R) were mounted inside each 
of the nets to provide volumetric data. A collection efficiency of greater than 90 percent is typically 
desired and was calculated prior to the sampling event by towing the bongo net along a remesured 
transect with both flowmeters and only one of the plankton nets attached, providing a ratio of the 
total flow measured both inside and outside of the net while under tow. This efficiency value was 
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calculated for each sample event by dividing the total flow measured by the inside flowmeter by the 
total flow measured by the outside flowmeter in the frame without the cod end net.  

All ichthyoplankton samples were collected at tow-speeds between 2 and 3 knots. At this speed, the 
duration of the 100 m3 (minimum) target sample volume was estimated to be approximately 10 
minutes. Tows were extended an additional 2 minutes to ensure the minimum sample volume was 
exceeded. With the observed high filtering efficiencies approaching 100 percent, and slow tow 
speeds, there is no reason to suspect that any clogging of the net mesh or  extrusion of organisms 
through the mesh occurred with this ichthyoplankton sampling method. 

Oblique tows were conducted at all four transect locations. Daytime samples were collected between 
1200 and 1630 hours and nighttime samples were collected between 2100 and 2330 hours. As the 
tow vessel moved along the oblique tow transect, the net covered all depth zones, as identified from 
the vessel’s onboard depth finder. Towing depth was controlled by monitoring the angle of the tow 
cable in relation to the length of the deployed tow cable. The tow continued along the transect until 
the appropriate tow duration was achieved. The combination of the volume of water passing 
through the net and the number of organisms collected determined the sample density of the 
ichthyoplankton in the water column.  

During the field effort, a field log book was kept for all ichthyoplankton sampling activities. Data 
forms generated in the field or by the laboratory were digitized. Detailed steps for conducting 
oblique bongo net sampling were described in the Work Plan. See Figure 1 for a map showing the 
sampling transects. The start and end points of each transect were recorded using an onboard 
Global Positioning System (GPS), the Garmin GPSMAP 4212. 

3.5 Ichthyoplankton Analysis 

After each tow was completed, the net was retrieved, backwashed, and rinsed with seawater on the 
deck. After rinsing the cod end of each net (Figure 2), samples were transferred to a jar and 
preserved with 10 percent buffered formalin and stored in a container on-site. Preserved samples 
were transferred to the UPR ichthyoplankton laboratory at Isla Magueyez. All samples were 
processed in accordance with the quality assurance and quality control specifications that have been 
described in the Work Plan for this project. A minimum subsampling criterion of 200 eggs or 100 
larvae was used to invoke sub-sampling procedures.  When that criterion was met, appropriate 
splitting procedures were used in accordance with the Work Plan.  

The collected fish and shellfish eggs and larvae were hand-picked and sorted from each net sample 
following the procedures outlined in the Work Plan. Sample contents were placed in a sorting tray 
where organisms were picked out from the debris, counted, and placed into vials. The organisms 
were later identified by a taxonomist down to the lowest practical taxonomic level using 
distinguishing traits observed under a microscope, counted, and measured. Fish larvae lengths (total 
length) were obtained for up to 30 individuals of each taxon identified in the laboratory. A calibrated 
ocular micrometer was used for all measurements. Early yolk-sac, or un-pigmented (pre-flexion) fish 
larvae were reported as unidentified fish larvae. The pre-flexion larval stage is characterized by a 
straight notochord (spine) and early formation of caudal fin structures on the ventral side of the 
notochord (Froese and Pauly 2012). The post-flexion larval stage is characterized by the caudal fin 
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section of the notochord is at an upward angle of 45 degrees, and the ventral caudal rays and 
supporting elements may not be fully developed (Froese and Pauly 2012). 

Most of the pre- and post-flexion fish larvae were identified to the family level. Shellfish larvae were 
identified down to class, order, or suborder, as appropriate. The total number of ichthyoplankton in 
each sample of a known filtered volume was used to calculate volume-based ichthyoplankton 
densities (number of eggs or larvae per 100 m3). 

Figure 2: Cod End of the 300 µm Plankton Net Where the Eggs & Larvae are Collected 
During the Plankton Tow 

A QA/QC protocol was implemented for ichthyoplankton sorting and identification, as outlined in 
the Baseline Ichthyoplankton Characterization Work Plan. Detailed steps for processing, sorting, 
and identification of ichthyoplankton from the samples have been provided in the aforementioned 
Work Plan. All preserved samples have been archived for a period of 12 months in the event that it 
is later deemed necessary to obtain additional biometric data from the samples. Life stage 
characteristics of many tropical fish and shellfish remain poorly documented at the species level.  
Therefore, most identifications could only be assessed at the order or family level of taxonomic 
differentiation in the collected samples.  References used in the intial and QA/QC evaluations 
included the following meristic keys: 

· Richards, W. 2005. Early Stages of Atlantic Fishes: an identification guidse for the Western 
North Atlantic. Vols 1-2.  Taylor and Francis Publishing, Boca Raton, FL. 

· Moser, H. G. (Ed in Chief) 1984. Ontogeny and systematics of Fishes. Allen Press, 
Lawrence, KS. 

· Leis, J. M. and B. M. Carson-Ewart. 2000. Fauna Malesiana:  The Larvae of Indo-Pacific 
Coastal Fishes. Brill Press, Boston, MA. 
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· Todd, C. D., M. S. Laverack & G. A. Boxshall. 1996. Coastal Marine Zooplankton: a 
practical manual for students. Cambridge University Press, Cambridge, UK.. 

· W.J. Richards, K. C. Lindeman J. L. Shultz J. M. Leis A. Roepke M. E. Clarke and B. H. 
Comyns, 1994. Preliminary Guide to the Identification of the Early Life History Stages of 
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Final QA/QC of the May 2012 sample set was completed in April 2013.  At a minimum, seven 
samples were required to be reassessed in the QA/QC program.  Implementation of the QA/QC 
process resulted in re-evaluation of 13 of the 16 samples to meet the 10% reidentification and re-
enumeration standard for fish eggs and larvae.  Taxonomic reidentification fully met the 10% 
reidentification assessment in the QA/QC assessment.  The application of a ±10% re-enumeration 
error for smaller invertebrate larvae was not able to be achieved in select samples due to the 
presence of greater quantities of fine organic matter (FOM).  The greater density of FOM in these 
samples caused the smaller larvae to clump in aggregation within the FOM, making sorting and 
identification more difficult.  All samples with elevated FOM were able to meet a <15% re-
enumeration standard for smaller invertebrate larvae.  The 10% reidentification standard for fish 
eggs and larvae was met for all examined samples.  The QA/QC of the evaluated samples was 
conducted by Dr. Jorge G. Garcia, Ph.D of the University opf Puerto Rico at Mayaguez.  In most 
instances, QA/QC enumeration data pointed to a slight underestimate in total numbers by the 
original identifier.  These higher QA/QC values were adopted for entrainment estimates so as to 
reflect a conservative estimate in taxa density.  The technical memorandum detailing the methods 
and findings of the QA/QC program is provided in Appendix II.    

3.6 Entrainment Estimates 

The ichthyoplankton sampling provided baseline data to characterize the projected entrainment 
densities and composition of fish and shellfish taxa at the proposed project location. The taxa  
present in the water column have the potential to become entrained in the cooling water intake of 
the FSRU or LNGC vessels while moored at the berthing platform. Using this ichthyoplankton data 
combined with the design flow of the cooling water intake pumps, an annual entrainment estimate 
was calculated for the FSRU and LNGC vessels, prior to the construction of the vessel mooring and 
berthing structure.   

The QA/QC evaluated data for fish and shellfish present in each sample were converted to density 
estimates (number of fish and shellfish per unit volume). Diel abundance patterns were also 
evaluated by comparing the densities observed for the “day” and “night” samples. Seasonal 
abundance patterns could not be evaluated because these preliminary data represent a single daytime 
and nighttime sampling event (23 May 2012).     

The total densities of ichthyoplankton (fish and shellfish) collected within the project area from this 
single sampling event were extrapolated to flow-based estimates for the vessel over the course of a 
24-hour period, accounting for 12 hours of daytime and 12 hours of nighttime. Daily flow-based 
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entrainment of the vessel was estimated for each species by multiplying the ichthyoplankton density 
(number of fish and shellfish per sample volume) by the total design flow volume of cooling water 
intake for the entire vessel (shown below). Annual flow-based entrainment was also calculated in this 
manner.   

(Total Number of fish or shellfish collected during 
the plankton tow) 

= 

(X number of estimated fish or shellfish entrained by the vessel ) 

(Total Volume of water filtered during the 
plankton tow) 

(Volume of cooling water used by the FSRU vessel while berthed within the 
project area) 

The entrainment estimate value obtained for X above represents the entrainment value for each 
day/night sampling period. This value is then multiplied by the number of operation days (an 
assumed 365 for the FSRU vessel) or the number of deliveries within a year. For the LNGC vessels, 
there are an anticipated 50  deliveries scheduled each year with each having a maximum berthing 
duration of 88 hours. For the purposes of this analysis, it is assumed that the daytime & nighttime 
portions during this period would be approximately equal (12 hrs each for all calendar days of FSRU 
operations, and 44 hrs each for a 88 hr LNGC berthing time). However, it is understood that actual 
operations and variations in day versus night entrainment may vary from this depending on the 
actual arrival/departure times of the LNGC vessel to the offloading facility. 

The total number of entrained fish and shellfish during the 12-month sampling period was estimated 
for each species by multiplying the total volume-based density (number of fish and shellfish per unit 
volume) by the total volume of cooling water used by the facility during the course of a year, by 
solving for X as shown above and accounting for the frequency and duration of the FSRU delivery 
schedule: 

Two flow scenarios were evaluated with this entrainment estimate: 

· design flows for the FSRU vessel with continuous operation in the project area. 

· design flows for the LNGC vessel during a 88 hour berthing period (50 deliveries per year) 
for cooling water and non-ballast water intake. It was assumed that significant ballast water 
intake will only occur during the LNG off-loading duration   For ballast water intake 
duration,  a period of 72 hours was applied from Table 1.0. 

FSRU and LNGC scenarios assumed maximum full-flow operations while each vessel is stationed at 
the Gas Port facility. Each of the two operating scenarios were representative of different flow 
volumes of cooling water, which in turn correspond to differences in the estimated impact of 
entrainment.  

Entrained eggs, pre-flexion larvae, and post-flexion larvae were classified as such, based on 
laboratory evaluation of life stage. Additional length-at-age, natural mortality, and other 
demographic information can be used to model the age-1 equivalent adult loss estimates. Such 
information and analysis is beyond the scope of this report, but may be necessary as part of a more 
comprehensive 316(b) Demonstration Study, or verification monitoring plan, if required by 
permitting agencies. 
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Since only a single sampling event was used to estimate annual entrainment, the annual projections 
should be considered preliminary only until such a time that seasonal data are obtained within the 
project area. 

3.7 Water Quality 

Measurements for water temperature, dissolved oxygen, pH, conductivity or salinity, and turbidity 
were taken from near the bottom, mid-depth, and just below the surface at the end of each transect 
following a plankton tow. A calibrated Yellow Springs Instrument (YSI) Company sonde and water 
quality meter (YSI-6850 sonde, attached to a YSI-650 meter) was used for all water quality 
parameters. In addition, a Conductivity, Temperature, and Depth (CTD) sensor (Sea Bird Electronics, 
Model 19) was deployed at four transects (two during the daytime samples and two during nighttime 
samples). For YSI measurements, temperature-corrected conductivity was converted to salinity using 
the following algorithm: 

Salinity = -100 ln(1-C25/178,500) where C25 = conductivity adjusted to 25°C. 
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4. RESULTS 

4.1 Ichthyoplankton Occurrence & Density 

A total of 16 plankton samples were collected on 23 May 2012 from four transects (Figure 1) during 
daytime (D) and nighttime (N) sampling as shown in Table 3. Each sample contained the filtered 
plankton from an average of 215.4 m3 of towed sea water. The filtered volumes collected were 
conservatively higher than the targeted minimum volume of 100 m3. The sample collection time, 
taxa/abundance and and volume charateristics for the entrainment sample event are listed in Table 
3. 

Table 3: Sample Identification, Volumes, Number of Taxa, and Total Abundance for all 
Ichthyoplankton Samples Collected during the 23 May 2012 Sampling Event � 	 Ñ Ð × Ö á Î � Í Ø Ö Ï 
� Ñ Ø Ù Ò Í Ð �  Ï Ð � ÏË � Ò Ö 
 Î �  � 	 Í � â Î � Ñ Ø Ù Ò Ö � � � Í Ö Ò Ì � Í Ò Î Ö 	 Ö Ì� Ï Ò Ô Ø Ö � Ø � � � Ô Ø � Ö 	 Ï 
� Ñ � Ñ � Ï Î Ñ ÒË � Ô Ð Ì Ñ Ð á Ö� � � � � � �  Ú ! � Ú Ü " Ä # Ä $ Û % & ' ( & ) &* ! � * Ü " �   $ ß` ] a b c d e ] f b c c ] g h ] i F j k l Z[ \ ] ^ _ ` ] m n c h ] ^ n o ` p q q n g n ] o g r s s l t uv b h _ c w d e x ] ^ b q y o n z d ] v _ { _ f b c c ] g h ] i Z tv b h _ c w d e x ] ^ b q | o i n \ n i d _ c } ^ ` _ o n ~ e ~ � d _ o h n q n ] i j � k � s � F

 

All ichthyoplankton combined represented 40 families, and shellfish represented five groups (Table 
3). Five of the 45 taxa collected (shrimp, fish eggs, crabs, gastropods, and sardines/anchovies) 
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accounted for 97% of the total abundance. Shrimp larvae were the dominant taxa collected, 
representing 60 percent of the total catch, as shown in Figure 4. Fish eggs were the dominant fish 
lifestage collected, representing 22 percent of the total catch. Other relatively abundant larvae 
included the true crabs (8 percent), gastropods (5 percent), and the Clupeiformes 
(sardines/anchovies, 2 percent). All of the remaining 40 taxa combined accounted for only 3 percent 
of the total organisms collected. Shrimps, crabs, gastropods, and clupeid fishes are abundant primary 
and secondary consumers in the water column, therefore it is not surprising that these organisms 
were the most abundant taxa in the ichthyoplankton samples.  

Length data (total length in millimeters) for larval fish and shellfish are shown in Table 4. 

Table 4: Total Length (mm) Data for Larval Fish Collected during the 23 May 2012 
Sampling Event  v [ £ [ ¤ e ] _ ~ d ^ ] i ¥ | w ¥ [ £ ¥ p [ w ¦ v § p a7 ¨ © ª ¨ ¨ « ¬   ® « ª L 5 6 < ; 4 ; < ; 5 O < ; 4 < = D7 ¯ ° ± ° ¨  ® « ª 5 = < 6 = < 6 = < 6 9 97 © ² ª ¬  ¨  ® « ª 5 4 4 < J 6 < D L < D ; < J ; 6C « ³  ´ ©  ® « ª 5 L < ; L < ; L < ; 9 9C ° © ²  ® « ª 5 5 ; < ; 5 ; < ; 5 ; < ; 9 9C µ © ²  ©  ® « ª 5 D < J D < J D < J 9 9¶ « ³ ³ µ ° ¨  ·  ® « ª O L < ; J < ; 6 < Y 5 < = O¶ « ¬ « ¨ ±  ® « ª L J 5 < = 6 < 5 4 < Y ; < J ; D¶ ³ ¸ ¯ ª  ¹ ° ¬ · ª ´ 6 D 4 5 < ; 6 < 6 L < D ; < O 6 4¶ ³ ¸ ¯ ª  ® « ª L = ; D < 4 L 6 < ; O < 6 4 < 6 Oº ³ ª ° © ¬  ® « ª 5 J < ; J < ; J < ; 9 9º ¨ ± ¬ « ¸ ³  ® « ª D 6 D < 4 5 ; < ; 6 < O 5 < 4 Oº ¯ ²  ¯ ²  ® « ª 5 L < 5 L < 5 L < 5 9 9º » ° ¼ ° ª ©  ® « ª L L < ; L < ; L < ; ;½ ª ¬ ¬ ª  ® « ª L 6 4 < ; D < 6 4 < J ; < 6 5 5½ ° ¾  ª ´ ° ¼  ® « ® ª 5 = 4 < ; D < ; 4 < D ; < 6 ; D½ ° ¾   ® « ª 4 L Y 5 < 6 5 L < ; L < D 5 < O ;¿ « ª · ¸ ³  ® « ª 4 J O 5 < 6 Y < ; L < J 5 < 4 O¿ ª ·  ¬ « · ¯ ²  ® « ª Y 5 < 6 5 ; < ; D < Y 4 < 6 =À « ¾ ¬  ® « ª = D 4 < ; 5 ; < 6 4 < O 5 < 4 =À ¸ © Á « ¨  ® « ª O 6 5 < O = < 6 D < 6 ; < O L 4Â  ¼ ¬ ° ® ª ´ ·  ® « ª 5 ; L < 4 4 ; < ; = < Y D < O =Â ° ¨ « ¼ « ¨ © ²  ® « ª 6 4 < ; 4 ; < ; O < 5 O < L 5
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Figure 3: Mean density (± one standard deviation) of the most abundant invertebrate taxa 

(upper panel) and fish taxa (lower panel) collected across all transects. Data shown account 
for > 99% of total relative abundance. Note break in scale for clarity. 
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Abundance and richness was somewhat evenly distributed among the four transects. Much of the 
observed differences are due to the random distribution of ichthyoplankton in the water column 
between the four transects – particularly for those taxa with only a few occurrences (i.e., taxa with 
only one or two individuals identified in the sample set collected). The random distribution of 
ichthyoplankton and their settlement patterns combined with the prevailing oceanographic 
conditions (e.g., winds, currents) and available habitat likely accounted for some of the observed 
differences in abundance and diversity between transects, as shown in Table 6. 

Differences in daytime and nighttime samples were apparent for pre- and post-flexion fish larvae. 
Mean nighttime densities of post-flexion larvae were ten times greater for post-flexion larvae, 
compared to daytime densities, primarily attributable to sardines. Mean nighttime densities of pre-
flexion larvae were twice that of daytime densities, also primarily attributable to sardines. Mean 
nighttime densities of post-flexion snappers were four times greater than during the daytime. Mean 
nighttime densities of post-flexion grunts were five times greater than during the daytime. Mean egg 
densities of were greatest during the daytime, with an average of 757 eggs per 100 m3, versus night 
(463 per 100 m3). Collectively, any differences between the daytime and nighttime samples for each 
life stage was within the variability between transects. Figure 4 shows the comparison of abundances 
for post and pre-flexion fish larvae, fish eggs and invertebrate larvae quantified between day and 
night samples. 

Figure 4: Mean density (± one standard deviation) of the lifestages collected from all day 
and night transects (n=8 Day, 8 Night).  
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Table 5 through7  summarize the identification, numbers, densities, and size distribution of 
ichthyoplankton collected during the 23 May 2012 sampling event. 
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Table 5: Species List of all Ichthyoplankton Collected at the Project Area, and the Representation Among Lifestages. The Five 
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Orange highlighted taxa represent dominant taxonomic groups collected 
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4.2 Water Quality Data 

Tabular presentation of water quality parameters recorded at each transect during the sampling event indicate no unusual patterns in 
specific conductance (or salinity), dissolved oxygen (DO), pH, water temperature, or turbidity (Table ). None of the water quality 
parameters measured appeared to limit the distribution of fishes. However, the conductivity data, and consequently the salinity data, 
obtained from the YSI meter were consistently lower than expected, as compared to the same data measured from the CTD.  
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5. PROJECTED ENTRAINMENT POTENTIAL 

The annual entrainment calculated for the FSRU and the LNGC vessel was based on the 
ichthyoplankton data collected from a single sampling event conducted on 23 May 2012. The 
spawning and reproductive characteristics of fishes vary on temporal and spatial scales. Therefore, it 
is difficult to project with certainty the entrainment levels within the FSRU vessel and the LNGC 
vessel based on this single sampling event. Seasonal estimates could not be determined from the 
single sampling event. The entrainment estimates included here should be considered preliminary 
until a determination of pre-construction sampling frequency is made by the resource agencies. 

The total estimated number of individual fish/shellfish eggs and larvae that are projected to be 
entrained through the FSRU and LNGC vessel’s cooling water intake on an annual basis are shown 
in Table 9, based on the continuous operation of the FSRU vessel and the number of LNGC vessel 
deliveries per year; both under the maximum flow rate scenarios shown in Table 1. 
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Table 10 and Table 11 list the detailed breakouts of the taxa-specific total estimated entrainment 
numbers of eggs and larvae entrained for all species under each of the operational flow scenarios.   
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Table 10: Estimated Total Entrainment by Species Through the FSRU Vessel Based on Design Flow Rates During a 12-month Operating Period: Continuous Operation û ü ý þ ÿ � � � � þ � ü ÿ � � � � þ � ÿ � � þ þ ÿ � � � � þ � ü ÿ � � � � þ � � � � ÿ � � û þ � þ ü 	 ü � � 
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Table 11: Estimated Total Entrainment by Species Through the LNGC Vessel Based on Design Flow Rates During a 12-month Operating Period:  50 LNG Deliveries per year û ü ý þ ÿ � � � � þ � ü ÿ � � � � þ � ÿ � � þ þ ÿ � � � � þ � ü ÿ � � � � þ � � � � ÿ � � û ü � � 
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Appendix I:  

Background Information of Fishes Known to Occur in 
the Project Area 
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There are more than 700 fish species that have the potential to occur within the marine waters of 
Puerto Rico (Froese and Pauly 2012). Occurrence data from FishBase, Reef Environmental 
Education Foundation (REEF), Jobos Bay National Estuarine Research Reserve (NERR), 
entrainment surveys at the Aguirre Power Plant, EFH data, and Tetra Tech’s ichthyofauna 
observation survey, were evaluated to determine what fish resources are likely to be present in the 
project area and potentially subject to entrainment. These data sources provided the baseline 
information for the ichthyoplankton assessment. It should be noted however, that a limiting factor 
in identifying the presence of early lifestages from any of these groups is the available scientific 
information and taxonomic keys. The state of the science does not support species-level 
identification of egg and larval stages for fish and shellfish found in the project area; many are 
limited to family-only identifications. Also, a species’ life history strategy may preclude its 
entrainment potential. For example, a number of shark species can be excluded from the list of 
“potentially entrainable” species because their reproductive strategy (e.g., live birth to fully-formed 
individuals) does not result in any entrainable lifestages within the water column. 

Background Review of Fishes Known to Occur in the Project Area 

The fishes within the project area are typical of those found elsewhere in the Caribbean Sea. Many 
of the reef-associated and pelagic species are important to both commercial and recreational 
fisheries. The waters surrounding the project area are within the shelf break and outside of the 
protected waters of the barrier islands/cays that surround Jobos Bay. Habitats include coral reefs, 
hardbottom, sand, and coral rubble (see Tetra Tech 2012). Given the variety of fish habitats in the 
project area, and its exposure to both inshore and offshore waters, the fish diversity is high, as 
would be expected, with several hundred species known to occur (Froese and Pauly 2012). The 
fishes closest to shore in the project area are those typically associated with Caribbean coral reefs, 
such as snappers and grunts. Surveys of nearshore waters off Puerto Rico (Whitall et al. 2011; REEF 
2012) indicated that the most abundant fishes were parrotfishes, wrasses, butterflyfishes, 
surgeonfishes, damselfishes, and grunts.  

The distribution of ichthyoplankton is temporally and spatially variable and determined by the 
habitats, location in the water column, seasons, and even time of day associated with spawning. The 
coastal waters are typically dominated by estuarine-dependent species, while continental shelf areas 
are dominated by neritic species. Currents and tides are important factors in the transport of larvae 
in the immediate vicinity of estuaries and inlets (Epifanio and Garvine 2001), such as the project 
area located just offshore of Boca del Inferno. Wind, buoyancy, and the influences of oceanic water 
masses or currents are the principle agents driving the transport of ichthyoplankton in neritic areas 
(Epifanio and Garvine 2001). Transient spawners, such as seabasses and snappers, move into and 
out of the spawning area, often coming from great distances over long periods of time. Resident 
spawners, such as parrotfishes, wrasses, and surgeonfishes, often spawn within or close to their 
home range (Domeier and Colin 1997). Some coral reef fishes are known for their spawning 
aggregations, in which concentrations of individuals during reproductive periods are higher than 
during non-reproductive periods (Domeier and Colin 1997). 

Pelagic fish species (e.g., tuna/mackerel, billfishes, flying fish) typically spend their entire lives in 
neritic and offshore waters. Some species may be associated with particular portions of the water 
column, other species are capable of utilizing large portions of the water column, and yet others use 
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different portions of the water column during various stages of their life history; such as during 
feeding or spawning along ocean fronts (Govoni and Hare 2001). Ocean currents aid in transporting 
pelagic eggs and larvae (Epifanio and Garvine 2001). Sargassum mats, common in the project area, 
attract some species of pelagic fishes where fish aggregations are common (Moser et al. 1998).  

 presents the fish species that are known to occur in the marine waters of the south coast 
of Puerto Rico, based on the data sources indicated.
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Table A-1: Inventory of Fish Species Known to Occur Near the Project Area (regionally and locally) and Those Taxa Observed 
During the 2012 Tetra Tech (Tt) Dive Survey and 2012 Tetra Tech (Tt) Ichthyoplankton Survey (This Study) 
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ô ¾ Ñ Ù Ù Æ ¼ Å

M Õ Ô Î Í · º Ó ¸ Ô Õ Ý ß ¸ Ý Ý Õ ß Í ¹ à ¼ Ú Ñ � è Ù Ø Å Ú

ñ ñ

M Õ Ô Î Í · º Ó ¸ Ô ³ ¸ Í ß Ì µ ¸ ³ Í ¹ à Å ¼ Ú Æ Å Æ × ¾ Ñ ËM Õ ß Ì å î µ Î º Í ¹ Õ Ý ß º · · º ¸ Ý ¹ º ¹ ï Ò â Ù è è Å á Ø Ú Ù è è Ø Ù ÒM Õ ß Ì å î µ Î º Í ¹ ³ Í Ô Õ ³ Õ µ � ¾ â È É â ¾ Ò × � Å × ¾ Ñ ËM Õ ß Ì å î µ Î º Í ¹ î ¸ ä º Ý Õ ß Í ¹ H � Ù Ò À á ã ¾ â â Å Æ Ø Ú Ù è è Ø Ù ÒM Õ ß Ì å î µ Î º Í ¹ ä å ¹ ß Õ ³ º Í ä ö á è ¼ Ò Æ Ø Ú Ù è è Ø Ù ÒM Õ ß Ì å î µ Î º Í ¹ ¹ µ Þ µ Ô Õ ß µ Ô þ Ú Ù è è Ø Ù Ò × ¾ Ñ ËM µ · · ä Õ Ý Ý º Õ Î µ N Í ¸ Ô µ Ý ¸ Ý ¹ º ¹ O É Ù â Å À Å Ë Å × ¾ Ñ Ë ñM µ · · ä Õ Ý Ý º Õ ³ µ ä ä Í Ý º ¹ � ¼ × × Å Æ × ¾ Ñ Ëí Ì Ô º µ · ¸ Þ º ¹ Ó º ¹ Ì ¸ Ô º H Ú ¼ Ò á è � È Å Ò â × ¾ Ñ Ëí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ é º ³ Ô Í ¹ ù ¾ è ¾ Ò × ¾ Ñ Ë ñí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ ¸ º é µ · µ Ý ë ¼ è è Ù Æ × ¾ Ñ Ë ñí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ î · Õ Í ³ µ Ó Ô Õ ¸ Ý Í ä à Ú Ù Æ è Å Æ × ¾ Ñ Ë ñ ñí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ · º Þ ¸ Ô Ý ¸ ¹ ë Å ã ã Å Ú ÷ Ù Ò â × ¾ Ñ Ë ñí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ Þ ¸ Ô ¹ µ Ý Õ ß Í ¹ ý ¼ á � Å Æ × ¾ Ñ Ë ñ ñ ñí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ ß µ Ô ß Í î Õ ¸ ë ¼ â È É À Ú Å Å Ø × ¾ Ñ Ëí µ Ô å Þ Ì µ Þ ß ¸ Ô Í ¹ ç ¸ Ý ¸ L Í ¸ · Õ ¸ À Àí ß ¸ Ý µ î µ Î º Í ¹ Î µ · ¸ µ ¹ µ ä Õ I ¼ Ú â Å Ú × ¾ Ñ Ëí ß ¸ Ý µ î µ Î º Í ¹ ³ · Õ å ß µ Ý º º ý Å ò Ù È ¼ Ò × ¾ Ñ Ëí ß ¸ Ý µ î µ Î º Í ¹ ¹ Õ ¸ Þ ¸ Þ Õ · · ¸ Ý ¹ I ¼ á É × ¾ Ñ Ë ñí ß ¸ Ý µ î µ Î º Í ¹ ¹ ß º î ä Õ ß Í Ô Í ¹ æ ã ¾ â â ¼ Ù è × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ ³ Ì Õ Ý ³ ¸ º æ É ¾ Ú â á â Ú Ù ã Å × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ é º · ¸ Þ º ¹ P Ú ¼ Ò × Å á Ù Æ Å Æ × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ ¸ ç ¸ · å Ý Õ ¸ æ É ¼ Ú � Ò ¾ á Å × ¾ Ñ Ë ñú · Õ ³ Õ ß º Ý Í ¹ î ¸ ä ä Õ ß Í ¹ þ Ú Å È � è Å Ø Ù Ò × ¾ Ñ Ë ñú · Õ ³ Õ ß º Ý Í ¹ î ¸ Ý º ¸ ù è Å ¼ Ò Å Ú × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ ä Í · ß º Ó Õ ¹ ³ º Õ ß Í ¹ ô Ú Å Å Ò Ñ ¼ Ò Æ Å Æ × ¾ Ñ Ë ñú · Õ ³ Õ ß º Ý Í ¹ Þ Õ · · ¸ Ý ¹ æ Å ÷ Ù á È ¼ è Å Æ × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ Þ Ô µ ³ Ì º · µ ¹ à Ú ¾ ¼ Æ á â Ú Ù ã Å × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ Ô Õ Ý é Õ · · º � Å è è ¾ � Ò ¾ á Å × ¾ Ñ Ëú · Õ ³ Õ ß º Ý Í ¹ ß ¸ Ý µ J æ è ¼ â Ë × ¾ Ñ Ëú ç ¸ Ô ä Õ Ý Ý º ³ Ì ß Ì å ¹ ä ¸ ß L ¸ · Õ Õ Ô º æ ã ¾ Ò × Å × ¾ Ñ Ëú ç µ Ô ß Ì µ é Í ¹ · å Ô º ³ Í ¹ Ö Ë Ú Å × ¾ Ñ Ë� Õ Ô ä Õ Ý Ý º Õ ¹ Õ Í ³ Ô Õ Ö Å ¾ ã ¼ Ú Æ × ¾ Ñ Ë ñ� º Ý ¹ Î Í Ô î ¸ · · Í ¹ Ý µ ç ¸ ä · º Ý ¸ Õ ß Í ¹ � Ù Ò Å è Ù Ò Å × ¾ Ñ Ë� Ý Õ ß Ì µ · ¸ Þ º ¹ ß Ì µ ä Þ ¹ µ Ý º ô ¾ è Æ á ã ¾ â × ¾ Ñ Ë ñ ñ� µ Î º µ º é ¸ ¹ Î Ô µ Í ¹ ¹ µ Ý Ý ¸ ß º º Q Ù ¾ è Å â × ¾ Ñ Ë� µ Î º µ Ý ¸ · · Í ¹ ¹ Õ ¸ Þ ¸ Þ Õ · · ¸ Ý ¹ I ¼ á É × ¾ Ñ Ë ñ� µ Î º µ Ý ¸ · · Í ¹ ¹ ß º î ä Õ · µ Þ Ì º Í ¹ æ ã ¾ â Ø Ù Ò × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ ³ Ì Õ Ý ³ ¸ º æ É ¾ Ú â á â Ú Ù ã Å × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ ¸ ç ¸ · å Ý Õ ¸ æ É ¼ Ú � Ò ¾ á Å × ¾ Ñ Ë ñ ñ� µ Î º µ ¹ µ ä Õ î ¸ Ý º ¸ ù è Å ¼ Ò Å Ú × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ Ì µ Ô ¹ ß º � Å è è ¾ � è Ù Ò Å × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ µ ³ ¸ Õ Ý µ Þ ¹ � Å ¾ Ò × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ Þ Õ · · ¸ Ý ¹ æ Å ÷ Ù á È ¼ è Å Æ × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ Ô Õ Ý é Õ · · º � Å è è ¾ � Ò ¾ á Å × ¾ Ñ Ë ñ� µ Î º µ ¹ µ ä Õ ¹ Þ ¸ ¹ Q Å Ú ÷ Ù È � è ¼ â Å Æ × ¾ Ñ ËR µ Þ Ì µ î µ Î º Í ¹ ³ å Þ Ô º Ý µ º é ¸ ¹ ù Ú Å á â Å Æ × ¾ Ñ Ë ñ ñR å ß Ì Ô å Þ Ý Í ¹ ³ Ô µ ³ µ é º · Í ¹ ý ¼ É ¾ × ¼ Ò Ë × ¾ Ñ ËR å ß Ì Ô å Þ Ý Í ¹ Ý ¸ ¹ º µ ß ¸ ¹ ö á è ¼ Ò Æ × ¾ Ñ ËR å ß Ì Ô å Þ Ý Í ¹ ¹ Þ º · Í ¹ à è � Å × ¾ è Æ × ¾ Ñ ËS º ³ Ô µ î µ Î º Í ¹ ä ¸ ¸ T º À ÀS º ³ Ô µ î µ Î º Í ¹ ¹ º î Ý Õ ß Í ¹ À ÀS º ³ Ô µ î µ Î º Í ¹ ¹ Þ U À À ñV ¸ ¹ · µ Ý î Í ¹ P Ú ¼ Ò × Å á ã ¾ â â Å Æ × ¾ Ñ Ë ñ ñW J å Í Ô º ³ Ì ß Ì å ¹ ¹ ß º î ä Õ · µ Þ Ì º Í ¹ æ ã ¾ â Ø Ù Ò × ¾ Ñ Ë ñX Õ Ô Ô ¸ · · Õ ä Õ ³ Ô µ Þ ß ¸ Ô å J À ÀX Ô º µ · ¸ Þ º ¹ Ì º Þ µ · º ß º � � á â Ë × ¾ Ñ Ë ñ ñX ¹ º · µ ß Ô º ¹ Õ · ¸ Þ º ¹ æ È ¼ è Å è Å á á × ¾ Ñ ËX ¹ º · µ ß Ô º ¹ Î Õ ß Ô Õ ³ Ì µ é ¸ ¹ H ¾ ¼ Æ Ø Ù á É × ¾ Ñ ËX ¹ º · µ ß Ô º ¹ ³ ¸ · ¹ Õ E Ù × É á ã Ù Ò Å × ¾ Ñ Ë
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� ! Y # 	 � � $ % & '

( ) * + , - . / 0 1 + 0 2 3 4 * * 4 5 6 ) * 0 7 0 8 + 4 5 ) , 9 4 1 ) , . + : 0 ; . / 0 1 + < + 1 = > ? 4 @ 0 1 :A ? 0 ) BÚ Å Å Ø C ¾ Ú × D ð þ Eæ ã Å È Ù Å á F û ¾ Ñ ¾ áà ¼ Ë� ð � � G ï × � Ù Ú Ú Åë ¾ � Å Ú ë è ¼ Ò â H â I Ù Û Åæ � Ú Û Å Ë H â ö È É â É Ë ¾æ � Ú Û Å ËX å ³ Ý µ ä ä Õ Ô µ µ ¹ ¸ ç ¸ · ß º � ¾ ¾ á Å Û Å è â ì á × ¾ Ñ ËZ º ¹ µ Ô Ô Í Î ¸ Ô H � á � Å Æ × ¾ Ñ Ë ñ[ º ³ å é º Í ä Þ · Í ä º ¸ Ô º æ Ù Ú ¼ ø ¾[ º ³ å é º Í ä Þ Í Ý ³ ß Õ ß Í ä À À\ Õ Ô º ³ Í ¹ Î Í ³ ³ Õ À Àô Ú ¼ ÷ ÷ ¼ â Ù Æ ¼ Å � Ô Õ ä ä Õ · µ Ô ¸ ß µ � ¾ Ë ¼ è × Ú ¼ ÷ ÷ ¼ ñ ñ ñ
E ¼ Å ÷ � è Ù Æ ¼ Å

Ü Ý º ¹ µ ß Ô ¸ ä Í ¹ ¹ Í Ô º Ý Õ ä ¸ Ý ¹ º ¹ à è ¼ È � ÷ ¼ Ú × ¼ â Å ñ
ñ ñ

Ü Ý º ¹ µ ß Ô ¸ ä Í ¹ ç º Ô î º Ý º ³ Í ¹ ë ¾ Ú � Ø Ù á É ñ ñ ñ ñí µ Ý µ é µ Ý Ý µ Î º · º ¹ à ¼ Ú Ú Å Æ × Ú � Ò â] Õ ¸ ä Í · µ Ý Õ · Î Í ä O É Ù â Å ÷ ¼ Ú × ¼ â Å ñ] Õ ¸ ä Í · µ Ý Õ Í Ô µ · º Ý ¸ Õ ß Í ä H ¾ ÷ â ¼ â Å × Ú � Ò â ñ ñ ñ ñ] Õ ¸ ä Í · µ Ý Î µ Ý Õ Ô º ¸ Ý ¹ ¸ à è ¼ È � × Ú � Ò â] Õ ¸ ä Í · µ Ý ³ Õ Ô Î µ Ý Õ Ô º Í ä ù ¼ Å á ¼ Ú × Ú � Ò â ñ ñ] Õ ¸ ä Í · µ Ý ³ Ì Ô å ¹ Õ Ô î å Ô ¸ Í ä æ ÷ ¼ è è ÷ ¾ � â É × Ú � Ò â ñ ñ] Õ ¸ ä Í · µ Ý Ó · Õ ç µ · º Ý ¸ Õ ß Í ä þ Ú Å Ò È É × Ú � Ò â ñ ñ ñ ñ] Õ ¸ ä Í · µ Ý ä Õ ³ Ô µ ¹ ß µ ä Í ä æ ã ¼ Ò Ù á É × Ú � Ò â ñ ñ ñ] Õ ¸ ä Í · µ Ý ä ¸ · Õ Ý Í Ô Í ä ù ¾ â â ¾ Ò � Ù È � × Ú � Ò â] Õ ¸ ä Í · µ Ý Þ Õ Ô Ô Õ æ ¼ Ù è ¾ Ú ì á × Ú � Ò â ñ] Õ ¸ ä Í · µ Ý Þ · Í ä º ¸ Ô º º O É Ù â Å × Ú � Ò â ñ ñ ñ ñ] Õ ¸ ä Í · µ Ý ¹ ³ º Í Ô Í ¹ à è � Å á â Ú Ù ã Å Æ × Ú � Ò â ñ ñ ñ ñ] Õ ¸ ä Í · µ Ý ¹ Þ U ô Ú � Ò â á ñ] Õ ¸ ä Í · µ Ý ¹ ß Ô º Õ ß Í ä æ â Ú Ù ã Å Æ × Ú � Ò â ñ] Õ ¸ ä Í · µ Ý ç º ß ß Õ ß Õ à ¾ × ¼X µ ä Õ é Õ ¹ å ¹ ³ µ Ô ç º Ý Õ ¸ Ó µ Ô ä º ¹ � ¾ � × É Ò Å È � × Ú � Ò âX µ ä Õ é Õ ¹ å ¹ ³ Ô µ ³ Ô µ à � Ú Ú ¾ × Ú � Ò âE Å ÷ Ù Ú ¼ ÷ ã É Ù Æ ¼ Å ú Í · ¸ Þ ß µ Ô Ì Õ ä Þ Ì Í ¹ ç ¸ · µ J þ è Ë Ù Ò × É ¼ è Ø Ñ Å ¼ � ñ] ¸ ä º Ô Õ ä Þ Ì Í ¹ Î Õ · Õ µ à ¼ è ¼ ¾ É ¼ è Ø Ñ Å ¼ �] ¸ ä º Ô Õ ä Þ Ì Í ¹ Î Ô Õ ¹ º · º ¸ Ý ¹ º ¹ à ¼ è è Ë É ¾ ¾ É ¼ è Ø Ñ Å ¼ �] å Þ µ Ô Ì Õ ä Þ Ì Í ¹ Í Ý º Ó Õ ¹ ³ º Õ ß Í ¹ ù ¾ ÷ ÷ ¾ Ò É ¼ è Ø Ñ Å ¼ �E ¾ è ¾ È Å Ò â Ú Ù Æ ¼ Å ] µ · µ ³ ¸ Ý ß Ô Í ¹ Õ é ¹ ³ ¸ Ý ¹ º µ Ý º ¹ æ ^ � Ù Ú Ú Å è Ø Ù á É ñ ñ ñ ñ] µ · µ ³ ¸ Ý ß Ô Í ¹ Ô Í Ó Í ¹ Ö ¾ Ò × á ã Ù Ò Å á ^ � Ù Ú Ú Å è Ø Ù á É ñ ñ ñ ñS å Ô º Þ Ô º ¹ ß º ¹ ü Õ ³ µ Î Í ¹ à è ¼ È � Ñ ¼ Ú á ¾ è Æ Ù Å Ú Ø Ù á É ñ ñ ñ ñV ¸ µ Ý º Þ Ì µ Ý ä Õ Ô º Õ Ý Í ¹ Ö ¾ Ò × ø ¼ � á ^ � Ù Ú Ú Å è Ø Ù á É ñX · ¸ ³ ß Ô å Þ µ Þ ¹ Ô ¸ ß Ô µ ¹ Þ º Ý º ¹ ù ¼ Ú Æ Ù Ò ¼ è á ¾ è Æ Ù Å Ú Ø Ù á É ñ ñ[ Õ Ô î µ ³ ¸ Ý ß Ô µ Ý ³ µ Ô Í ¹ ³ Í ä � Å Å Ø á ^ � Ù Ú Ú Å è Ø Ù á É ñ[ Õ Ô î µ ³ ¸ Ý ß Ô µ Ý ç ¸ J º · · Õ Ô º Í ä I � á � Ë á ^ � Ù Ú Ú Å è Ø Ù á É ñ ñö Ò Å Ú ÷ Ù Ù Æ ¼ Å _ Ý ¸ Ô ä º Õ ç º ß ß Õ ß Õ à ¾ × ¼ ñö á â Ù ¾ ã É ¾ Ú Ù Æ ¼ Å _ ¹ ß º µ Þ Ì µ Ô Í ¹ Õ · Î º ³ Õ Ý ¹ ï â è ¼ Ò â Ù È á ¼ Ù è Ø Ù á É ñK ¸ ß Ô Õ Þ ß Í Ô Í ¹ Þ Ó · Í ¸ î ¸ Ô º Ö ¾ Ò × Ñ Ù è è á ã Å ¼ Ú Ø Ù á É ñ` Ë ã É ¾ á Ù Æ ¼ Å a å Þ Ì µ ¹ Í ¹ º Ý ³ º ¹ µ Ô � Å è è ¾ � á Å ¼ È É � Ñ ña å Þ Ì µ ¹ Í ¹ ¹ ¸ ³ ß Õ ß Ô º J à Å Ú ÷ � Æ ¼ á Å ¼ È É � Ñ ñ
Ö ¼ Ñ Ú Ù Æ ¼ Å

M µ é º Õ Ý Í ¹ Þ Í · ³ Ì ¸ · · Í ¹ æ ã ¾ â Ø Ù Ò É ¾ × Ø Ù á É
ñ

M µ é º Õ Ý Í ¹ Ô Í Ó Í ¹ æ ã ¼ Ò Ù á É É ¾ × Ø Ù á É ñ ñ ñ ñí · ¸ Þ ß º ³ Í ¹ Þ Õ Ô Ô Õ ¸ ù Ú Å ¾ è Å � Ú ¼ á á Å ñ ñõ ¸ ³ µ é µ Ý Þ Í ¸ · · Õ Ô º ¹ � Å Æ É ¾ × Ø Ù á Éõ µ Ô Õ ß µ Ý µ ß Í ¹ ä ¸ î Õ · ¸ Þ º ¹ I � ¼ Ú Ø � Ú ¼ á á Å ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ Î º ç º ß ß Õ ß Í ¹ æ è Ù ã ã Å Ú Ë Æ Ù È � ñ ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ ³ Õ Í é Õ · º ¹ ë ¼ Ù Ò â Å Æ � Ú ¼ á á Å] Õ · º ³ Ì µ ¸ Ô ¸ ¹ ³ å Õ Ý µ ³ ¸ Þ Ì Õ · Í ¹ � Å è è ¾ � È É Å Å � � Ú ¼ á á Å ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ î Õ Ô Ý µ ß º � Å è è ¾ � É Å ¼ Æ � Ú ¼ á á Å ñ ñ ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ ä Õ ³ Í · º Þ º Ý Ý Õ ù è ¾ � Ò � Ú ¼ á á Å ñ ñ ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ Þ º ³ ß Í ¹ � ¼ Ù Ò Ñ ¾ � � Ú ¼ á á Å ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ Þ µ ¸ å º à è ¼ È � Å ¼ Ú � Ú ¼ á á Å ñ ñ ñ] Õ · º ³ Ì µ ¸ Ô ¸ ¹ Ô Õ é º Õ ß Í ¹ ë � Æ Æ Ù Ò × � Ù Ø Å � Ú ¼ á á Å ñ ñ ñ ñ] ¸ ä º Þ ß ¸ Ô µ Ý µ ß Í ¹ Ý µ ç Õ ³ Í · Õ ë Å ¼ Ú è Ë Ú ¼ ÿ ¾ Ú Ø Ù á É ñ] ¸ ä º Þ ß ¸ Ô µ Ý µ ß Í ¹ ¹ Þ · ¸ Ý é ¸ Ý ¹ ô Ú Å Å Ò Ú ¼ ÿ ¾ Ú Ø Ù á É ñR Õ ³ Ì Ý µ · Õ º ä Í ¹ ä Õ J º ä Í ¹ E ¾ × Ø Ù á É ñ ñ ñ ñK Ì Õ · Õ ¹ ¹ µ ä Õ Î º Ó Õ ¹ ³ º Õ ß Í ä à è � Å É Å ¼ Æ ñ ñ ñ ñb å Ô º ³ Ì ß å ¹ ä Õ Ô ß º Ý º ³ ¸ Ý ¹ º ¹ c d e f g h i d g j k e l m mn o p q r s t o u v w x y r z { y | } h g ~ f g h i d g j k e ln o p q r s t o u u � { � v � � v u � g } } � g h i d g j k e l m m� h � g k e d � k � h } � y � p q u w � z u � y { q u s � p y � � d � � f � ~ } � � f m� y � p q u w � z u v z r s q � q v v q u � h k g f � ~ } � � f m� y { y r w r t � v z u y z p w { q v � y t z u � d ~ � ~ k � } � ~ } � � f m� y { y r w r t � v z u � w � s { � � q � k h � d � � � ~ } � � f m� y { y r w r t � v z u � q { { q � � e � f � ~ } � � f m� y { y r w r t � v z u � y r p w � z u c d e f � ~ } � � f m m� y { y r w r t � v z u t p q y v � z { y t z u � h � � ~ } � � ~ } � � f m m m� h � g k e d � k � h } � y { y r w r t � v z u x � p u q r w { w p � h g j k � � ~ } � � f m� � � � h � k � h } � � u q { z u � � v t y t z u � ~ h � � e � h � � } g m m
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Protected Species 

Nine coral species occurring in the project area are listed (or candidates for listing) under the ESA. 
The only fish species with status under the ESA is the scalloped hammerhead shark (candidate 
species). However, as described in Section 4.3 for sharks in general, this species is a livebearer (no 
egg/larval stage in the water column) and is therefore not subject to entrainment. There are three 
fish species with protected status by PRDNR that occur in the project area. 

Pelagic Coral Larvae 

The larvae of ESA listed and candidate coral species described in the Benthic Characterization 
Report (Tetra Tech 2012) could be subject to entrainment during their spawning periods. However, 
the buoyant larvae present at the water surface in the days following spawning are not likely to 
become entrained by either the FSRU vessel or the LNGC vessel because the depth of water 
withdrawal is located in the mid-water column (7 m and 11 m below the surface) where coral 
larvae/planulae densities would be lowest. Characteristics and timing of spawning and larval stages 
of the nine ESA listed/candidate coral species are described in Table A-2.  
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A sub-surface plankton tow may contain free-swimming larvae of many cnidarians including 
anemones, corals, and octocorals (larvae sizes range between 100–700 µm and are collected with 
appropriately sized nets nets). Under the microscope it is possible to distinguish anemone larvae 
from corals and octocorals, but it is difficult to distinguish corals from octocorals. It is extremely 
difficult to distinguish families or genera and next-to-impossible to distinguish species based on 
morphological characteristics of the larvae. Morphological identification is difficult with live 
specimens and is more difficult with preserved specimens. Genetic analyses are available to 
determine whether some species are present (i.e., Acropora spp. and Porites astreoides), but determining 
the identity or density of all ESA-listed/candidate species remains intractable with current 
technology. 

No larval coral density data is available for the project area.  
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Yellow Jack, Carangoides bartholomaei 

The yellow jack occurs on offshore reefs, shallow sandy flats, and in the open waters over the 
continental shelf. It is typically found at depths ranging from 0-164 ft. (0-50 m). In nearshore waters, 
juveniles often occur in seagrass beds. Spawning occurs offshore from February through October, 
typically in aggregations that form just prior to sunrise. When the fertilized eggs hatch, the juveniles 
occupy the surface of the pelagic waters associated with large mats of sargassum, which provides 
sheltered protection from predators (Bester, 2012b). Yellow jack were not observed during the dive 
survey. However, larvae from the jack family (Carangidae) were observed during the 
ichthyoplankton survey. 

Goliath Grouper, Epinephelus itajara 

The goliath grouper occurs over areas of rock, coral, and mud bottoms. It is typically found at 
depths up to 150 ft. (46 m). Juveniles typically occur in mangroves and brackish estuaries. Many 
groupers, including goliath groupers, are protogynous hermaphrodites—a reproductive strategy in 
which females later to become males. However, there are exceptions to this within certain 
populations. Spawning occurs from July until September and is strongly influenced by the lunar 
cycle. Spawning goliath grouper form offshore aggregations of up to 100 or more individuals. Their 
preferred spawning habitat is associated with underwater structure such as ship wrecks, rock ledges, 
and isolated patch reefs. After fertilization, eggs are pelagic and dispersed widely by currents. 
Juveniles settle in benthic habitats at lengths of 1 inch (2.5 cm), around 25 or 26 days after hatching 
(Robins 2012). Goliath grouper were not observed during the dive survey. However, larvae from the 
grouper family (Serranidae) were observed during the ichthyoplankton survey. 

Hognose Mullet, Joturus pichardi 

Hognose mullet range throughout the Gulf of Mexico and the Caribbean. They occur in shallow 
waters ranging in depth from 1.6 to 11.5 ft. (0.5 to 3.5 m), and reach a maximum size of 26 inches 
(61 cm). They spawn in marine waters but are catadromous and move into freshwater as adults 
during periods of heavy rainfall. Adults then return to estuarine/marine waters to spawn. Spawning 
occurs in open water where eggs are pelagic and non-adhesive (Froese and Pauly 2012). Hognose 
mullet were not observed during the dive survey. However, larvae from the mullet family 
(Mugilidae) were observed during the ichthyoplankton survey. 

Life History Information 

Certain life history and reproductive characteristics are important in determining a species’ 

entrainment potential. Spawning season, egg size, spawning location, location in water column, and 
fecundity are all important factors to be considered. Table A-3 contains the available information for 
select EFH fish/shellfish species that may occur in the project area at various times of the year. This 
information, combined with site-specific ichthyoplankton densities obtained via sampling, determine 
the entrainment potential of these species. 
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12 EFH not designated for this species. Included here because this species is protected by PRDNR and was collected during entrainment studies at the Central Aguirre Power Plant. 
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Appendix II:  

Quality Assurrance and Quality Control (QA/QC) 
Assessment of Ichthyopalnkton Taxonomic 

Identification and Enumeration Data 




















